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Abstract. The paper presents an overview of the biofuels obtained from algae. 
Algae-based biofuel definitely has the potential to revolutionize the energy industry and will 
play a leading role in fight against greenhouse gas emissions, and climate change. Biofuels 
production from algae definitely deserves more attention in years to come due its potential: 
do not transform food into fuel like with corn or soy, fewer emissions involved when 
compared to fossil fuels. Biofuel production from algae could be one of the surprising 
competitors on alternative energy market in not so long future, especially if oil’s price 
continues to grow. 
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INTRODUCTION 
 
The world’s dependence on the non-renewable energy sources (fossil fuels) 
generated a global effort to cut down the dependence on fossil fuels and develop 
economically viable and scalable alternative fuel sources that will significantly 
reduce massive emissions of CO2 in the atmosphere (1, 2). One of the most 
attractive responses regarding the alternative sources is biofuels. Biofuels are quite 
adequate to provide an alternative to fossil fuels and can also reduce total CO2 
emissions because they are more ecologically acceptable energy source compared to 
fossil fuels (3). For photosynthetic organisms (rape, corn or soybeans), the plants 
use the energy of sunlight to convert available CO2 into hydrocarbons, storing 
chemical energy. This represents a double benefit because not only fuel is produced 
but also CO2 is consumed having positive effect on both energy demand and the 
climate change (4, 5). Fewer CO2 emissions from biofuels are result of closed 
carbon circle – plants and algae use CO2 to grow, and when biofuel is used this CO2 
gets back into atmosphere. Fossil fuel carbon footprint is one way only – from 
ground into atmosphere.  
Biofuels can be produced from any biological carbon source; crops as corn 
with sugars (sugar beet, sugar cane) is typically used for ethanol production while 
soy, canola, and palm with oils are typically used for biodiesel production (1, 6, 7) 
so called 1st generation biofuels. But 1st generation biofuels are not seen as a 
sustainable biofuel solution because  these crops requires good quality agricultural 
land, which increases the overall demand for cropland, and using food for fuel 
production definitely is not a logical choice, regardless of biofuel potential (6, 8). 
The focus is switching to 2nd or even 3rd generation biofuels (6). 2nd generation 
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biofuels need only marginal land and no fertilizer application. However, for a 
commercial production of 2nd generation biofuels still vast areas of land are needed. 
3rd generation biofuels are a promising alternatives to other biofuels. Algae 
is considered a prime candidate to serve as feedstock for 3rd generation biofuels. The 
important fuels synthesized from algae are vegetable oil, biogas, biodiesel, 
biomethanol, bioethanol, biobutanol and dry fuel (similar to coal) (9-11). 
 
MATERIAL AND METHOD 
 
Algae-based biofuels, or algal biofuels, refers to biodiesel, bioethanol and 
other biofuels derived from simple organisms such as algae and phytoplankton. 
While a number of bio-feedstock are currently being experimented for biodiesel 
production, algae have emerged as one of the most promising sources for biodiesel 
production (12) 
Algae are a large group of primitive, mostly aquatic, chlorophyll-bearing 
plants, lacking specialize tissues and organs namely roots, stems, leaves, flowers etc 
(13, 14). Algae are usually found in damp places or bodies of water and thus are 
common in terrestrial as well as aquatic environments. Form of algae ranges from 
giant seaweeds to single-celled diatoms and pond scum. Algae require primarily 
three components to grow: sunlight, carbon-dioxide and water. Photosynthesis is an 
important bio-chemical process in which plants, algae, and some bacteria convert 
the energy of sunlight to chemical energy. Different types of algae grow in different 
environments having different nutritional requirements as well (15).  
Algae can be cultivated in two ways – in an open pond system (either 
naturally occurring or engineered) or in an engineered closed system. Without 
controlled conditions, it can be difficult to sustain desired species of algae or grow 
them at optimal rates for biomass or fuel production. The closed growth systems 
prevent contamination of the algal culture with bacteria and viruses, which could 
potential damage the biofuel production. Closed growth systems have several 
advantages; not only do they support the cultivation of specific target cultures but 
also a closed growth system can feed CO2 from industrial processes directly to the 
algae at high concentrations, which maximizes the amount of captured CO2 (16-18).  
Algae present several advantages over other biofuels.  
• Traditional crops are more prone to disease and drought, requiring more 
energy-intensive treatments such as insecticides and herbicides to combat 
attacks (18, 19) 
• Their energy output per land unit is at least 30 times higher than for 2nd 
generation biofuels (20, 21). Other studies speak about more than 102 – 103 
times the productivity of land crops (21). 
• One of the major benefits of algae as biofuel is that many algal species, 
particularly the small species (microalgae) can be used for extraction of 
biofuel (22, 23). 
• The yield of vegetable oil from algae is comparatively much higher (about 
30 times) than land crops (table 1). The rapid growth of algae is a 
contributing factor for mass cultivation without spending extra resources. 
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Marine water as well as wastewater can be used for mass cultivation of 
algae (24, 25). 
• Unlike fossil fuels, biofuel produced from algae are biodegradable, thus 
reducing the chances of environmental pollution i.e. in case there is spillage 
of algal-based biofuel in water sources, there are no significant adverse 
effects on the ecosystem.  
Table 1 
Estimation of oil productivity from different crops 
 
Crop Oil content per tonne of 
biomass (WT% dry mass) 
Oil production 
(t/ha/y) 
Biodiesel yield 
(L/ha/y) 
Oilseed rape 40–44% (of seed) 1.4 1560 
Soya 20% (of seed) 0.48 544 
Jatropha 30% (of seed) 2.4 2700 
Chlorella 
vulgaris Up to 46% 7.2 8200 
Nannochloropsis  Up to 50% 20–30 23 000–34 000 
 
RESULTS AND DISCUSSION 
 
Algae are considered a promising potential feedstock for the 3rd generation 
biofuels, as certain species of algae contain high amounts of oil. This oil from algae 
can be extracted, processed and refined for various uses. This biofuel can also be 
used as transportation fuels. Other benefits of algae as a potential feedstock are their 
availabilities. They are found in abundance and their growth rates are fast as well. 
The major technical challenges for algae based biofuel include identifying the 
proper strains with the highest oil content with higher growth rates. Developing 
cost-effective growing and harvesting methods is the key to success for algae based 
biofuel. 
The main branches/lines of algae are (26) : 
• Chromista - this line includes the brown algae, golden brown algae, and 
diatoms. The plastids in these algae contain Chlorophylls A and C. ( 27) 
• The Red Line – this is an early branch of marine algae containing just 
Chlorophyll A. Red algae can often be seen coating wave washed rocks. A 
characteristic of red algae is that their plastids contain only one type of 
chlorophyll - Chlorophyll A. This is different from green algae and plants 
which have both Chlorophyll A and B. (28) 
• Dinoflagellates – these evolved on a separate line that includes, surprisingly, 
the ciliated protists. (29-31) 
• The Euglenids – this independent line of single celled organisms that 
include both photosynthetic and non-photosynthetic species (32) 
• The Green Line is related to plants. Plants and green algae have Chlorophyll 
A and B. (33) 
Algae will present immediate advantages over other biofuels. It can be 
grown nearly anywhere and without the need for large tracts of land. It would also 
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not be competing with food staples for space. Algal biofuels are a very promising 
alternative though.  
Algae biodiesel has virtually no sulphur content. Biodiesel has superior 
lubricating properties, reducing fuel system wear and increases the life of fuel 
injection equipment. Algae biodiesel has more aggressive solvent properties than 
petrodiesel and will dissolve leftover varnish residue. Fuel filters should be changed 
shortly after introducing biodiesel into systems formerly running on petrodiesel to 
avoid clogging. Biodiesel has about 5% to 8% less energy density than petrodiesel, 
but with its higher combustion efficiency and better lubricity to partially 
compensate, its overall fuel efficiency decrease is only about 2%.  Biodiesel reduces 
particulate matter by about 47% compared to petroleum diesel. Biodiesel has less 
dangerous particulate matter because it reduces the solid carbon fraction on the 
particulate matter while increasing the amount of oxygen (14) 
 
CONCLUSIONS 
 
Biofuel production from algae is very interesting topic of research. Algae 
are single celled or multicellular, chiefly aquatic, plantlike organisms. Algae are 
photosynthetic: like plants, they are nourished by carbon dioxide and nitrogen and 
release large amounts of oxygen into the atmosphere. There are over 65,000 known 
species of algae including many different varieties such as red, green, brown, yellow 
and black. 
Algae have many reasons why they could be consider as one of the most 
perfect choices for biofuel production: are renewable non-food sources of feedstock 
for biofuels; can be grown in inexpensive culture systems on non-arable lands, 
nonproductive or water sources. (it need not displace land used for growing food 
sources; do not require freshwater resources or soil for growth, which makes things 
lot easier). The algae have the potential to yield at least 30 times more energy than 
land crops currently used in the production of biofuels, and in addition the remaining 
biomass residue can be used in value added byproducts like animal feed, as a 
fermentation feedstock, or combusted to generate heat.  
The ability for algae to be cultivated on marginal (non-arable) land, using 
saltwater, greatly reduces its impact on the environment relative to other biofuels 
and fossil fuels. Moreover, algae’s cultivation does not require that it compete with 
food crops, a social benefit that may be underestimated by many lawmakers. Algae’s 
high-yield and reduced greenhouse gas emissions make it a good candidate for 
reducing transportation related pollution. 
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